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INTRODUCTION 


Explosives -have been used in ever-increasing amounts since ganvowder 
was invented, For hundreds of years only low explosives of the deflagrating 


1/ The Bureau of Mines will welcome. reprinting of this paper, provided the 
following footnote is used: "Reprinted from Bureau of Mines Information 
Circular 7372," 

2} Mining engineer, Health and Safety Branch, Bureau of Mines, Duluth, Minn. 

B/. Supervising engineer, Health and Safety Branch, Bureau of’ Mines, Duluth, 
Minn, 7 
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type were used, and they were fired by means of a flame or hot object. S3en- 
jamin Franklin first ignited gunpowder. ‘from a ‘distance in 1751 by means of 
an electrostatic spark, Further efforts to devolop a satisfactory electrical 
method to ignite. explosives from greater distances were overshadowed by the 
invention of safety fuse in 1831, as this offered a relatively simple and 
inexpensive means of. firing explosives, . ee ee 

The discovery and introduction of high oxmlpsives of the detonating typc 
and the invention of the fulminate: of mercury. blasting cap about the middle 
of the nineteenth century provided the needed impetus for inventors to develop 
means of firing the cap by. electricity, . ‘tha original high-tension igniter, 
following Benjamin Franklin's experiment ‘in which the dctonating compound was 
ignited by a spark, was discarded in favor of a low-tension igniter, in which 
the detonating compound was ignited by a heated wire, the past 2 decades have 
seen considerable improvement in the design and construction of olectric detona- 
tors to make them eator, and more efficient, yet in spite of the improvorent 
today are ignited or. detonated electrically, The trend, however, is toward 
the use of electric methods, In recent years numerous mining companies have 
introduced electric blasting exclusively at their mines as a means of improving 
safety and efficiency, ; 

The Federal Bureau of Mines for many years has advécated the use of 
electric methods of detonating explosives, because the Bureau believes it is 
the safest method when properly conducted, ‘This belief is sharod by most 
explosives manufacturers, who in their handbooks’ recommend electric blasting 
under difficult conditions, | such Bs driving long raises, shaft sinking, station 
cutting, and in workings in wet places, In some instances, state laws require 
the use of electric blasting under the’ conditions previously mentioned, In 
coal mining, where the additional hazards of explosive gas and dust exist, 
electric blasting is a requirement for the proper use of permissible oxplosives, 
A study of explosives accidents in the Pennsylvania anthracite regio 4 covering 
@ 5=year poriod tends to justify the Bureau's stand, ‘This study rovcals an 
accident rate of 1.9 per million holes fired a ae against a rate of 
2.9 when fuse and caps were used, ss 

Today with the keen interest in safety and the tendency toward larger 
rounds of blast holes, electric blasting is becoming increasingly important, 


A study of electric blasting practices in the Lake Superior region 
reveals that the blasting procedures and equipment in use, although sinilar, 
are not standard, even in mines operated by the same company. One factor 
contributing to this condition is that guitable clectric switches are not 
manufactured, and each local electrical department 1s forced to assomble 
and remodel existent switches or build its own switches to fit the particular 
requirements, As a result, several operating companies have devcloped their 
own designs and arrangements of switches, | 


4/ Howell, S. P., Rept. of Inveetigations 2986, 1930, 13 pp, Experience with 
Electrical and Other Means of Firing Shots of Explosives in the Anthracite 
Region of Pennsylvania, 


1130 ~ 2-= 


Google 


*y Auedwoy -- wesubej;p Bulaim pue yozIMs - *| Ounbiy 
"Ps@msO} PSAOW BIE SPUOg Usym Sj21}UeI04)1P 
@5e}|O0A JO} p9}Se} 9q PjNoUS ‘“papuocg Aj j2014}90)/9 aq 0} sowess yobOny 
"@9¢y WOJ) 49D] UU} GsOW YOU aq 0} SeU!| B9dI0 pue sjies yo BuIpuog-ssol) °¢ 
‘apeu Aj |Njposed og {SMW SUOI}DeUUCO |eD1N}99/9 |1V Th 
*Bulzsejq 0} AsO, es BdoId BulAee| aie vow | 1},UN 


sagieyo 7 SOJIM PRO] PUe SBsim SNQ wOJ} P@AOWSJ 9q ZOU 4YSMw S}INDI19-JIOUS “EF 


*ys21q 3O Bulsim pue GulSseyo 
BUISIAJOGNS UOSJEd 4O UO!SSasSSCd U! aq ysMw YOLIMS BUI}SYjq 03 Shay ‘Z 
"S8J im SMG JO S8J IM Pea| 0} D@UUCO 0} 


"OD2} WO} Apeas 112UN sasjm 69} JOReUOJEP wos} S}IMOJID yOYS eACWes WOU Cg *! 
SCT UPY} SS2] JOU YdIMS yseIq 2u014.Ne) 
0}-}No 08 UeW UaYyM UOIISOd uado Suuim pue BuiSeyo Suiswuedns 


Ul Pjoy 0} uid 4JOj ajpueY yo yeys 
Ul ajOH ‘uORISOd Uado UI JO}eD1pU! uosuad Aq paied aq 03 ‘seduin! yoys 


yy ‘pasojo Ajjewou te : punois) 


Papuawwode ‘apis BU UO 4d0]J9}U] 


P Zuiysejq asojaq ysni ynou19-yoys 
“ BAOWAI 0} X Paysew JUIOW je ND wusiueydew Buds pue sdijo 


BulzINDII9-YOYS B1}Xd YM ‘YOIMS Buyseg 
Yo}IMS JaMOg 


Pepuawwosel ‘apis = ynow9 Sunys) 
peap uo 348!) pay ei 
(“puno) ese) Oulysesq 
veya Asesseoeu oq Kew 3nq ‘pesinbes Aj !JeUIpPsO 30u) OFF URY} SSB} JON--SaJ Im 9ng 


*PeJeaco Jeqqn *JOJINPUCD e@j6uls ni# vey, sse| ON—-S9J 1m pee} Suysejq pue Buigeyd 


Bulsi~sedns uossed Aq paseo pue Buijsejq 


oddo ae JBYe PEAOWSY ‘s8njd jelseds YyIM paddinba 
! 
PORTE Ret EE SC ELE PPC we Sleep read: Ue Pepurenee ©) Q02 ‘ajqeo sadwin{ ZT] “ON sO}ONpuod-z pajaydel-saqqny 
pezexoel-seaqns ‘Jo,ONpUCo-9/Huls Z JO 10ZINpUCd-z ZI# UeY, SS@| ON--9U!; OUIZSeIq ahi 
*uo!} 1S0d ti ide oan mate hes Ellul =p 


aPOSO|I_ UF payoo| 9q Osje ABW YORIMG *}Se/q 0} 05 usw Uaya UO!}!SOd 
n¥odo, U! PjOYy OF UId JOJ SjpueY JO ZyeYS UI BOHM *UOIZ1SOd pesojo U! 
YO} IMS PjOY OF wSiUeIPew OUIJdS UZIM YOZIMS pasojD AjjewOU ‘ajOd-9;BulsS-—-yoz Iams AjZaseS 
"U0!1}1SOd ,U@dO, U! PExYO] 94 0} OS|E YOIMG “YOPIMS OF Poppe WN} 
-01 Sulsds &@ yO sueow Aq u01}1S0d pez!Nos19-ysOUS JO ,UedO, U! play oq 
0} ws|ueyow Bulzesedg ‘sedwnf e Aq paz inos19-ysoys oq 0} Sd1j> eseuL 
“paseo jos S} a;puey oy}, Vey Sd1j/> esey} OZU! Aj jeD!zewWoORNe Jajsues 
[] !4 Sepejq ayy yey OS ZIOddNS BuUl}e| NSU! Ue UO pazUNOW $d1j|9 BizXe Z 
OP {ACI OF PB;opowsy "YOZPIMS AJOSES B/G ISNJ-UOU "| "S—"dyZ—“AQGZ- “"WOO--uz Ims Hu}}Se)) 
"UO}21SOd ,usdoO, 0} WNjes Sulids 
U2 IM B/GeO JedWNS JO} B/DeZdeD0s YIM JEYeOIg 71NS19 UOIAQ “dZ--"ACGS-¥GZ—"O} IMS Jomag 


YOUIMS JOMOd 


YoJIMS Buyseyg 


SOM }Yary 
aim Aayjos / 


aT C= te Oe Fe eee py 7 ~ —— re 
ais Nae RN eet h AA G3) Ka a 
. ; bee Sg AS Nae &\ oe 1 


Si Ce 


— 


THE OHIO & 


Sereter 


Ses ce 


"YORIMS Azyajyes “9 S(uado) yozIMs Bulyseiq *g Fzy!UN YOzIMS-bulyselq 


pue 4aM0q 


ATI MS Aol 


AK A 


V 


:y Auedwoy -- Bbulyzse,q 91439919 4O} SOYDJIMS 50 S| 1e}aAq 


—. ar LRA. 


ot 4) 
AAA NALED*.” 


‘+ 


sone ee 


ij 
rs 
0 
— 


j 


C 
a 


OHIE 


THE | 


I.C,. 7372 
SCOPE 


This report describes six clectric-blasting—-switch arrangements in | 
use by three large iron-ore mining companies in the Lake Superior district, 
It is hoped that descriptions of these arrangements, which are a result of 
cconsidorable thought and offort on tho part of the mining companies, will 
enable cther operators to benefit by their experience, The report covers 
blasting from powér lines: only. : A 


ACEN ILD TS 


4ppreciation is expressed for the ‘cooperation cf the officials of the 
various mining companies who permitted their electric blasting equipment to 
__be photographed and blasting procedures to be observed, 


COMPANY a 


Electric Blasts ne, Baitonane 


The essen ant tong issued by the safety denavencne of Company A for 
electric blasting are embodied in the switch and wiring diagram shown in 
figure 1, Niner changes and modifications nay be made to suit the local 
conditions at the mine after such change or-modification is .pproved by the 
safety department, 


The blasting equipment and procedures used at a typical nine, using 
2eo0=volt direct current, operated by Company A fcllows: 


The power switch (figs. 1 and 2, a) is a 25-ampere, 250—volt circuit 
breaker, It is equipped with a receptacle to receive the jumper cable 
connecting it to the blagtine switch. The function of the power switch is 
to protect the power seurce against possible ere circuits, 


The blasting switch (figs, 1 and 2, B) is a’ “60—ampere, 250-volt, 2-pole, 
deuble-throw, ceaeraee safety switch, The doublo~throw switch is used ; 
instead of the single-throw type recommendeii in figure 1 because the lower 
set of contacts can be short-circuited and used instead of the extra clips 
mounted on an insulating support, as recommended, The blasting switch is 
equipped with a receptacle to receive the jumper cable from the power switch 
and is provided with s spring.to return the switch blades automatically to 
the short-circuited position, <A red light, mounted on the bottom of the 
switch box and connected to the dead side, indicates the flow of current to 

_the blast when the switches are closed, 


The blasting switch 1s locked in the ncEeD renee at all times 
except during blasting, a 


The gafety switch (tie. 2, C) isa eivieieosele: inexetenaltyps switch, 
which is closed in the normal position; its purpose is to provide a short 
circuit across the blasting leads at a distance of not less. than 125 fest 
from the blast. the short. circuit is removed by pulling the handle of the 
ewitch down and inserting a fork between the switch body and the collar on 
the pull shaft, <A fork igs used in this inetance instead of a pin, as 
recommended in figure l, | 
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The switch housings of the. power switch and the Dlesting switch ave 
grounded; the. eee ewi tch. is rio erounded, : 


--Buaating Procodure 
The persen paar ae ‘he charging and wiring of the blast carries tie 
key to the blasting switch and the short jumper cable used to connect the 
power switch to the blasting switch, ‘The leg wires of the detonators are 
connected in parallel, as indicated in figure 1, although the bus wires. sown 
are seldom necessary, ‘The usual practice is to twist detcnater leg wires 
of the same color together and attach thom to the load wires with connecting 
wire, Aftor all connections are made At*tho facc, the miners retire to tho 
sefety switch, The handlo of the safety switch is then pulled down and the 
fork inserted, which holds the switch in the "open" position, This romoves 
the short circuit and nakes the blasting lino continuous back to the blasting 
switch, whore the leads arc still short-circuited, Upon reaching tho blasting 
switch, tho person supervising the blasting insorts tho jumper cablo betwoon 
the power switch and blasting: ewitch, eets the circuit. breaker, and unlotks 
and closes the blasting. switch, This complotes the earcul t to. me chargcss 


L 


ares 
In Hauro 3, “A shows tho: ctreutt breaker boing aot: and B dheue: the 
blasting switch closed, 


a 5 


Boctzte Blesting Zqu uinnent 


Wiring ateeoene of threo” enehinalions of evi tchos used = company 3B 
for electric blasting, are marian jeu ‘figure 4.° 


The arrangenent sewn he eine 4, r= ieuacd where snelter is nearby, 
and the lead wirea to the blast are Solatively short, In this instance, a 
"safety switch" between, the charge and the point: ‘fren which uns prest is 
fired is. considered. MEneCnenerys ‘. Sa fe 

Where shelter from the blast: te: “aobtigiaerabhe di stance away, ‘the 
arrangenent. siiown in:figure 4, B, is used,” This. inyolves amnagnetic switcs 
in addition.to.the switches used ain atrangemend Be Arrangonont © shows a 
variation of. arrangenent B; whero the distance and size of conductors involve 
such a yoltage. drop ,.that. the: magnetic ‘switch do és’. not operate, In this in- 
stance, a separate pair of conductors is installed to operate the coil of 
the magnetic switch, 


pM ex 


A 4,000-foot drift has boen ws ihaink 4 ee at one nine opore. ated by 
Company B, which uses the arrangement shown in figure 4, B, <A description 
of tho equipnent Baia end the Pyeeetes used. fo Llows: 


Hi aise. 5 sibus the throe switches used in the: blasting sieauie: as. 
follows: the main. ewitch, the manual blasting switch, and the magnetic. 
blasting switch, ‘The:main switch andthe nanual blasting switch constitute 
the unit, which ig mounted on a wooden panel &t the point from where the blast 
is fired, These two switches are mounted at least 3 feet apart to provide en 
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Figure 3. - Firing blast -- Company A: A, Setting 
power switch; B, blasting switch closed. 
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CUTER 20U eS 3 
ao aay Electric blasting caps \ 


Position of 2B when locked in 3 


Leading wires Connecting wires 


Cap wires 


. . ° / 
Connecting wires Cap wires 


Leading wires 


Operating coil wires 


Operating coil 


Note: C same as B except as shown 


C 


Description 
Main switch 


2A and 2B_ Receptacle and plug 
3 Manual blasting switch 
4 Magnetic blasting switch 


Leading wires Item 


Figure 4. - Switch and wiring diagram -- Company B: A, Where 
shelter is near by; B, for long drifts or raises; 
C, for long distances involving voltage drop. 
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Figure 5. - Blasting-switch assembly 
-- Company B. 
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interruption gap for protection against high potential current, such as 
lightning, The magnetic dlasting switch is installed as near the blast as) 
feasible and is protceted from flying rock by planks or a "turtle box," 
The mainswitch housing is grounded, The manual~blasting switch is not 
grounded, nor are any grounds permitted between the main switch and the face 
to be blested, : 
Details of the three switches are shown in figure 6, ‘The main switch, 
shown in A, is a 30-ampere, 250=volt, 2-pole, single-throw, fused safcty 
switch to which a blasting—plug-receptacle box has been attached. ‘ho 
receptacle is made in the local shops from two controller fingers and a 
metal box, suitably insulated, The blasting plug, which fits into the 
receptacle, consists of two controller ‘segnents and a wooden filler ina 
Protex rubber handle, 


The manual blasting switch is shown in figure 6, B, It is a 3~-ampere, 
250—volt, apole, double-throw, snfety switch without fuses, - (The switch 
pictured is a fused-equipped type, but the fuses are "plugged",) A shunt 
bar is attached across the lower set of contacts, which provides a short 
circuit across the lead wires to the blast when the switch is in the lower 
position, To assure that the switch is in the lowor position, except during 
blasting, a fiber block, attached to the door of tho switch, bumps against 
the switch-operating rod and prevents the switch from béing closed and locked, 


Two features prevent the switch from being closed prematurely: (1) 
The switch handle ig locked in the "off" or short-circuited position, and 
(2) the interior locking mechanism of the switch handle has been altered 
so that the handle itself cannot’ be moved until the door of the switch is 
opened, Obviously, the effectiveness of Mose f eatures eoruee eda 
upon use of: the padlock, oe ae 


A notch is the botton of the switch box receives the oetine ines 
which is locked in the box, except when the blast is to be fired, <A pilot 
lamp is provided in an open cave ebove the switch, It may be connected 
in one of two ways, as indicated in prenee 4, A, and 4, B, ; 


The magnetic blasting switch is shown in figure 6, C, It is a &phese, 
alternating~current, magnetic <verly from which the heator relays and coil 
interlocks have been removed, the center set of stationary and moving contact 
nenibers has been shifted 180° about tho operating shaft end nodifted so that 
it is in the closed position when the romaining two (outside) monbers are 
in the open position, Thus, by connecting the wires of ‘tho blasting circuit, 
as shown in figure 4, B and 4, C, closing the center set-of contacts short- 
circuits the wires leading to the chargos, When the curfent is epplicd carane 
blasting, the operating coil causes the short—circuiting contactor to be 
opened and the othor two contactors to be closcod, This removes the short 
circuit and completes the circuit to the blast. The magnetic blasting switch 
is maintained in a herizontal position as shown in figure 5. Under those 
conditions the ‘phort circuit ig meaintained, and the blasting circuit is kopt 
open by gravity as well as’ by a epring’ installed for this purpose, Two wing 
nuts have been added to provide easy attachnent of the wires from the blast. 
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Blasg ting Procedure 


Company instructions issued for operation « of the. equipment are quoted 
below: 


Bofore making any ere ree to blasting caps, the blaster. 
makes sure that: , 


1, The main alas ig open, 


2. ° The manual blasting switch ig in ‘he short-circuited position, 
the plug is placed in the manual blasting switch Lao and the manual 
blasting switch door is.locked shut, 


3. The magnetic blasting-ewi tch sontacts work freely and the 
short-circuiting contact nere® good contact, 


A. Gian, e@tew checking. tigated pointg and aiee all of -his 
connections to blasting caps, he checks the insulation of all connections, 


After all connections are made and he ig ready to fire and all 
the men have found shelter, the blaster: 


ae Unlocke the manual blasting ewi teh nn closes it in the 
blasting Perec 


Le Closes the main switch. 


$ 


Se Piveste the plug in the receptacle, 


4, After the blast is fired, he pisces the equipment in the 
positions noted under 1 and 2 ee EpenOzG — any connections to 
blasting caps," 


COMPANY C 
Blectric astin ent a Cc 8 


A switch and wiring af aeons of a set of. ovd chee used - Company -C 
for electric blasting are mie in figure 7, ae ‘p brief description of 
which follows: : 


Switch (1) is a pcumexe.. ‘L1o-volt, Spoke: sinpiiés Heo, fusible 
safety switch, which.is locked in the "open" pasition at all times except. 
during. blasting. The switch housing is grounded, Item (2) is a wooden 
cabinet about 12. by 18 by 4 inches: deep, which is Beier with two sets of 


5/ Trengove, Stanley A, (Asst, Supt. , Hibbing chi shoim District) and 
Pickering, Hayden M, (Pit Foreman,..Hull~Rust Mine, Oliver Iron Mining 


Co., Hibbing, Minn, ), Drilling and Blasting Practices: Proc, 18th Mine 
Safety a Lake ae acd Mining Section, National Safety Council, 


1120 | . ~ 6 o~ 


Google 


"yozImMS Ael ad pazyesado-4ie Ouisn ‘g 
>pOy}ow ,eUo!y,USAUO) ‘WY :9 AUedWOY) -- We4belp DUIAIM pue YydzIMS - “y aunbdly 


17 

992} }Se}q 0} BSOj9 peoejd punols) ee Pay490} U! SI BAjeA UBYM YOU punodJs) 

____- Yo Aejad payesado-siy @PIS 0} UadO aq |jEYS BAJEA JO apis YO}IMS —S_ BUI] IE Ue = 

I = “be Pz — — py) A = =f/ff=Bi == : = (jf == iu ‘a f= fi! — pp Je 
a cxacno r i ieee faa ROMS Ess RO om 

0} SOJIM 9/qe2 40]9NpUuOd-Z 
Bul}IaUU0D pejo-saqqny |! 
| | | pasojo aq 


' | 
JIM apis yndul 


992) ysejq wo 
Q0ue}SIP ayes 


yede .9 uey} sso| 
@ pe}e20} 3ul| jou paoeds sauim 
l ue ul aajeA Aem-¢ pes] pajyejnsu| 


5 “ a ry 
eas 2 Se i ee ¥ 


FS ax mag sunselg FEN * uoums Aiayes 
Cy CH | LS pasny ‘dwe-o¢ 
oan — + . -— & 
YY phd be er a UES EGMMEETET EM IEE LE fg 55 Vehf{—_ | =/p= 


JOMOd D11}D9]9 YIM Bul}sejq 10; SUOIJDBUUOD 


4y 

Tenees rAl oN 40yONpuod-z uolj!sod ae 
Saa.4, “(Peed UoI}Isod uado UI paydo] T YoIMS 
s saqqni %OE yse/q 0} Sulsedaid aly :2}0N 


papuens ZT 'ON \_ g 
— y did pue ey 
/ \ youms Ayayes 
‘unpaaeael Mas [4 a}qisny- uoU 
Vv 


, seq punoss wo ¢ JO 
JCAQWA! S}UBAGId JOOP pews07 


ajod-z ‘dwe-o¢ 


ler 4a}S9a oueajes yoUMs Ajayes ajqisny 
eo 1S} JalawoUe| Dole fuer 


IM INDIO SO 
YM JINDIID JSO] BDUNOS *D “W HOA-OTT 


Original from 


Digitized by Coc gle 


Les Tale . 


shallow female contacts, The upper set of contacts is connected to the dead 
side of switch (1), and the lower pair is short-circuited and grounded, A 
wooden door closeg over’ both sets of contacts and is locked; except during 
blasting, .Item (3) ia a wooden blasting handle provided with two male contact: 
plugs, which fit the female contacts in the wooden box, When not in actual 
use, this blasting handle is placed in a compartment in the wooden cabinet, 
with tho contacts against the set of short-circuited and grounded contacts. 
The compartment and handle are so constructed that the door will not close 
and lock unless the blasting handle contacts are properly placed against the 
grounding contacts, Item (4) is a 30-ampere, 2-pole, single-throw, nonfusible 
safety switch, the function of which is to short-circuit the wires leading 

to ‘the blast, at a safe distance from the blast. The switch is maura! 
locked in the "closed" or a a 


The sequence of. seitch operations to set off a Gaal isi 


1, Unlock: ‘and open chort-cireul ting switch (a) upon. retiring from the. 
face, _ 


2. Unlock and close main switch Q). tee ae ot | a 


3. Unlock cabinet, and remove bisetine Hedie fron erounding. contacts, 
the blast is fired by. making @ momentary contact of the male contact panes 
of the firing handle to the live contacts in the cabines,*: , 


A variation in the arrangement: of suitehes for <a Dlasting, used 
to a limited extent by Company C, 1s BRON in figure 7 Bee 


Item (1) is identical to the switch Ot. ‘the game sober ay saite We Ae 
Item (2) is a locked wooden blasting box containing two shallow female contacts 
connected to the dead side of switch (1), Item (3) is an &foot section of . 
rubber~clad two-conductor cable, one end of. which is provided with two male 
contact plugs to fit the shallow fémale contacts of the blasting box, the other 
end of which is fitted with a plug and a receptacle, to fit companion 
connectors attached to the wires leading to the dDlast, This permits the 
lead wires to be attached to each other, thereby providing ) eon’ carer’ 
at all times except when the blast is fired. | 


Iten (4) is an aimoperated relay switch located near the blast oe be 
fired and may be installed behind a cap or post of the last set of timber, 
within 5.fect of the face, It is a piston-type, oil-filled ewitch, so 
constructed that when it is-in an "open" position, both séts of leads are 
short-circuited, The ewitch is connected to a three-way, valve in the air line 
located at a safe distance from the blast. A three-way valve is used to pre- 
vent air leaks from building up pressure end a the ewi toh, The valve 
is locked in a "closed™ position, . : 


6/ Jones, William (Safety Inspector, Oliver Iron Mining aS Vermilion 


District, Ely, Minn,), Eliminating the Hazards of Stray Currents in 
Electric Blasting Proc, 20th Mine Safety Conference, -Lake Superior 
Mining Section, Natfonal Safety Council, June 1943,;:pp. 56.to 62, 
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The sequence of operations in blasting is: 
1. Connect detonators to air-operated relay switch, 


2. Unlock and open three~way valve, which operates the air-relay 
switch removing the short circuit and establishing a connection 
between blasting line and connecting wire to the detonators, 


3. Unlock and close switch (1). 
4, Connect section of cable (3) to blasting line, | 


5, Make a momentary contact. between. firing-handle contacts and the 

female contacts in the cabinet, i oi 
is 2. ¥ ' 

The use of an alrmoperated relay switch is an innovation in electric ~— 
blasting in this region, It is an attempt to eliminate the hazard of stray 
currents setting off a blast at the time the detonators are connected to the 
blasting line or at the time the. short—ciroui.ting- switch near the face is 
opened, The use of this air-operated switch permits the miners to rerlove 
the short circuit and complete the ead as the pres by remote contrdl 
from a safe place, oily 2223 fbb. ok 

‘Detaile of the atroperated gwitch-are not available; it. was locally 
designed and ¢énstructed ii the mine :shop...The cost of constructing the 
original switch is estimated 40 exceed. $100, 00; but it-is believed that it 
could be built.in the mine shops for $35.00 to $40.00. If made in quantities 
by @ manufactures, | the’ cost would’ be: about: $15.00. . The. use of. such a switch 
involves laying ai oxtre air line from the three-way valve to. the switch, 
These features, with the spans o menu echure ne war ene have 
limited its uss somewhat, : hee ge ES Seid 


-apvaracss wr miEcrite BLASTING 


Renae aliee of the. ican aes cna disadvantages of “electric blasting 
is necessary in order to weigh and evaluate the safety. features of the various 
switch arrangements described, It ia ‘quite generally recognized that electric 
blasting requires more training than':does the use of fuse and caps, but 
experience has proved-that most miners can be. trained be do the job by means 
of suitable. safety ee propery vaapie hat 


Assuming’ that sientrta blasting is cqnducted properly, the following 
benefits are’ realized; ‘ 


«a 


i. There ag complete pontre) over. “the nonent: of blasting, allowing 
all persons ample’ time to retreat. to a place of safety, thus eliminating _ 
accidents occurring due to: men overstayving me safe time. limit when jighting 
fuses, eB ee 

a The number of misfires is reduced, and the-firing order or ‘rotation 
of. heise is more positive, a in-wet t placose:: This incredses the 
efficiency of blasting, : 5 tee Gee ae 


Epi ng Oe, 
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Je sa lhe due to- smoldering noses are Speman a tOG. 


ix 


- Snoke ana eas from burning a are . olininatoa, 


- 5,: the fire bgava is reduced, r- | 
ds with most safety devices or practicce- adépted, electric blasting 
introduces new hazards, the most i aah of which are 3. ae 


i, Poereone ‘premature application of’ the ‘firing current, 
Le prenstiee een caused by stray manien te. 


It is largely in an effort. to overcome these new hazards that the 
previously described switch assemblies wete designed, 


Features of these assemblies intended. to prevent a possible premature 
application of the blasting current are: ' ‘Locked switches and the various 
gaps in the blasting circuit. ae 


Protection against a premature explosion from stray currents includes: 
Gaps in the blasting circuit, properly insulated lead wires, short~circuiting 
of the load wires, and grounding, Protection egainst stray currents, how 
ever, involves much more than the .blasting equipment itself, Stray currents © 
must be further minimized by bonding, interbonding, and proper solection, 
paecerneenes and maintenance of. all electrical equipment | in. the near fee 


- SUMGLARY AND CONCLUSIONS 


A summary and comparison of tho gix electric blasting switch assemblies 
previously described reveals ta advantages, and eer eae of 
each, 


Each assembly is composed of three main parts: (1) a device for pro- 
tection of tho powor sourco against overcurrents; (2) blasting switch, usually 
mounted near such device and incorporating a broak or gap in thc blasting 
circuit; and (3) a "safety switch" installed in the blasting circuit at a 
point safely situated from the blast, 


Of the six ae eunbld eg; five provide protection of the power source 
against overcurrents by means of a fused switch and one by a circuit breaker, 


Blasting switches are either built locally in the mine shop, or 
standard switches are renodeled to provide a short circuit across the lead 
wires to tho blast, with various features to insure the switch being in the 
"off" of "short-circuited" position when the door is closed and locked, In 
ono instance the short circuit across the lead wires to the blast is a 
grounded (fig, 7, A). Many companies do not consider this a desirable 
practicc, because the "ground" nay be at a different potential from a rail, 
pipe, or other object at the blast, which may result in a flow of current 
through the electric detonators should one log wire touch the rail or pipe 
while the othcr is being connocted to the lead, The writers know of an in- 
stance in this district whore a difference of potential of 2.3 volts existed . 
between two so-called "grounds", 
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All six assemblies include a gap or break (varying from a few inches to 
3 feet) in the blasting circuit near the blasting switch, The Bureau believes 
that the width of this gap should be at least 5 feet to protect against 
lightning or other high-potential currents. In all but one instance, ‘contact 
across tho ‘gap is made manually; this being the operation that completes 
the circuit and fires the blast, The exception is the arrangement used by 
Company A (figs, 1, 2, and %), where the jumper cable across the gap is — 
first affixed and the blast actually fired by closing the blasting switch, 
The first arrangement, in which contact across the gap is made manually and 
will fall out unless held in place, is-more positive than the jumper cable 
referred to above, which can, and is likely to, be left in place unleds 
blasting activities are’ clogely supervised, However, in regard to possible 
burn hazards, the enclogéedstype blasting'switch is safer to operate. It 
should be noted that the blastin# switch in this instance requires a ground 
for protection of the operator, and the grounding of switches on both sides 
of the lightning gap largely offsets. the effectiveness of such gap. To over- 
come this disadvantage, Company A is considering the inclusion of a grounding 
conductor in the jumper cablo, which will effectively ground the blasting 
switch when the jumper cable is in place, This appears to be a good practice, 


Four types of "safety switches" are used: The signal-type switch shown 
in figure 2, C, the nonfusible safety switch shown in figure 7, 4, the mage 
netic blasting switch shown in figure 6, 0, and the air—operated relay switch 
shown in figure 7, B, ‘he first two: types function as a short circuit across 
the blasting lead wires, and the last two types actually cause an interrup- 
tion of both lead wires in the blasting circuit as well as a short circuit. 
The two latter types are preferred because a simple short circuit across the 
blasting leads in effect causes the lead wires to function as a single conduc- 
tor, This may be at a different potential from the ground, track, or a pipe 
at the face due to a number of causes, such as failure of the insulation on 
the lead wires or an induced current in the lead wires, Yor this reason, it 
is important that long léading wires be sectionalized with one or more "safcty 
ewi tches, " and kead wires should be. short-circuited at these points. 


Two "gafety évitehest (the magnetic blasting switch and the aireoperated 
relay switch) are operated by remote cqntrol, This feature was incorporated 
to reduce the hazard of a premature blast caused by stray currents in the 
leading wires at the timoe‘the short circuit at this point is removed, and to 
' permit the "safety switch" :to be installed closer to the blast. This is an 
excellent feature; but again, caution must be exercised to sec that the switches 
are in working order, For instance, it is quite probable that the average 
miner mey assune that such a switch is functioning properly rather than take 
the time to inspect the relatively complex mechanism, [In this event, a 
simpicr switch, such as an enclosed two-pole, externally operable safcty 
switch, connected so that the eore Mere are interrupted, wovld be safcr, 


In five of the six aeeenaies tho blasting current is enplied by 
touching the contacts of a firing handle or plug to live contacts; in the 
sixth, an enclosed, externally operable switch is closed anc, 1f a direct 
short circuit occurs, a circuit breaker is tripped, ‘he important feature 
ig that the olen tien of current is momentary to prevent Dee kindling 
of a fire, 
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Probably the most controversial point in connection with electric 
blesting-.is grounding, This is evident from the disagreement among hand~ 
books and published literature on the subject, as well as in actual practice, 
Grounding of the various switches described in this report has been indicated, 
In general, ground connections are eliminated or avoided beyond the switch 
from where the blast is fired, It is especially important to avoid grounding 
of the short circuits across the leading wires, Another point frequently 
overlooked in practice is proper insulation of the leading wires, especially 
at joints or splices, This is of paramount importance in the protection 
against stray currents, 


All six assemblies are a definite improvement over the usual electric 
blasting equipment in the average mine in this country, They are the result 
of a determined effort by safety men and operators to eliminate accidents 
involving explosives, Progress is still to be made, however, in the standard- 
ization, manufacture, and use of electric blasting switches, which will result 
in a wider use of electric blasting with an attendant increase in safety and 
efficiency, 
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